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Abstract
Background: Physical inactivity in leisure time is common among elderly in Brazil and this finding is particularly
alarming considering that this population is greatly affected by chronic diseases. The identification of health factors
that influence physical activity level (PAL) will help in the development of strategies for increasing PAL older adults.
The current research aimed to identify variables that independently affect behavior trends in PAL over the course
of two years among elderly.
Methods: A survey entitled the Epidoso Project ("Epidemiology of aging”) studied 1,667 community-based older
individuals in São Paulo city, Brazil over the course of two years. Physical activity level was determined through
questions about frequency and duration of physical activities. Body Mass Index was calculated; functional capacity
was assessed through the ADL (activities of daily living) scale; cognition was assessed by Mini-Mental State
Examination; and mental health was assessed through the Dysthymia Screening. Experiences of falls and fractures
were also assessed. Subjects were divided into three groups according to their self-report of Physical Activity Level:
a - Regularly Active; b - Insufficiently Active and c - Physically Inactive. Behavior trends in PAL were also measured
after two years. Multivariate regression model methodology was used to test associations longitudinally.
Results: Results from the final model demonstrated that the risk of a not favorable behavior trend in PAL, which
included the group who remained physically inactive and the group that displayed decreased PAL, in this cohort
of older adults was significantly increased if the individual was female (OR = 2.50; 95% CI = 1.60-3.89; P < 0.01),
older (80 y vs. 65 y, OR = 6.29, 95% CI = 2.69-14.67; P < 0.01), dependent on help from others for activities in the
ADL scale (moderate-severe = 4-7+ vs. 0 ADLs) (OR = 2.25, 95% CI = 1.20-4.21; P < 0.011) or had experienced a
history of falls with consequences (OR = 6.88, 95% CI = 0.91-52.01; P < 0.062).
Conclusions: Age, gender, ADL scores and falls were associated with a not favorable behavior trend in PAL.
Promotion programs should target these factors, reducing barriers to achieve desired changes in PAL.
Background
An increase in the proportion of elderly in the popula-
tion has been reported in developed [1,2] and develop-
ing countries [3-6]. The number of people over 60 years
old is projected to double in the next 20 years. Accord-
ing to demographic projections, 33 million Brazilians
will be older than 60 years in 2025 [1]. Furthermore, the
prevalence of physical inactivity is increasing worldwide
as a result of changes in individuals’ lifestyles. Studies
conducted in Brazil reported that nearly 45.0% of the
people [7,8] and 50.1% of the elderly are sedentary [8].
Data from a national survey called VIGITEL (““ Surveil-
lance of Risk and Protective Factors for Chronic Dis-
eases by Telephone Interviews”) in all capitals of the 26
Brazilian states found that only 12.7% of the elderly
were involved in physical activity in leisure time,
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A recent report from the World Health Organization
(WHO) demonstrates that physical inactivity is the
fourth-leading global risk factor for mortality [10] and is
one of the most important modifiable risk factors for
noncommunicable diseases (NCDs), such as heart dis-
ease, diabetes and cancer, contributing substantially to
the global burden of disease, disability and death. Physi-
cal activity can prevent and help treat NCDs and main-
tain physical and mental health and quality of life in
elderly adults [10-12]. Moreover, low levels of physical
activity have been associated with high health care costs
[13]. Therefore, national data on the prevalence of and
factors related to physical activity level may aid in iden-
tifying effective public health measures, consequently
lowering health care charges.
Population studies have been conducted in developed
and developing countries on physical activity and
health-related factors among the elderly [14-18]. How-
ever, few published studies have specifically investigated
physical activity level determinants, among older adults
in Brazil [7,8,19,20].
The Epidoso ("Epidemiologia do envelhecimento” -
“Epidemiology of aging”) Project was the first longitudi-
nal study of the elderly in São Paulo, a large urban cen-
ter in Brazil. This study has followed elderly people
since 1990, searching for factors associated with healthy
aging and risk factors for mortality. This project has
resulted in important contributions, through some
papers in the area of risk factors for mortality, func-
tional capacity, falls and noncommunicable diseases, as
well as the prevalence of several diseases in this popula-
tion [4,5,21]. Therefore, we used data from the Epidoso
Project to identify health-related factors that indepen-
dently influence behavior trends in physical activity level
over the course of two years among the elderly. As far
as we know, no study has been conducted with the Bra-
zilian elderly that underlines factors that influence
trends in PAL over two years.
Methods
Design and subjects
Epidoso Project was a longitudinal study of older adults
living in Saúde district in São Paulo city (Brazil) that
has aimed to identify predictors of mortality among the
elderly since 1991. A previous census had established
that the Saúde district included a population from dif-
ferent socioeconomic backgrounds in a residential area
with a low rate of immigration. All the elderly aged 65
and over living in the area of the Center for the Study
of Aging (CSA) at the Paulista Medicine School of the
Federal University of São Paulo (EPM/UNIFESP), which
is located in this district area, were enrolled in the
study. A total of 1,667 people met the age criterion and
were successfully interviewed (mean age: 74.9 ± 6.7
years). Subjects have been tracked at home (household
survey) in 1991/1992 (baseline) and were invited to
attend a clinical examinati o ni nC S A .A f t e rt h ef i r s t
stage, sample was followed up on an outpatient basis
with routine assessments every 6 months during the
study period, with access to a multidisciplinary team.
The same methodology was repeated after two years in
1994/1995 (follow-up) and no intervention procedure
was conducted during this period [21]. The average
length of follow-up was 24 months (minimum of 18 and
maximum of 38). The selection method and inclusion
criteria for the sample can be found in previously pub-
lished papers [4,21-23].
Of the initial sample, only 860 (51.2%) were included
in the analysis (respondents).The 48.8% of participants
(n = 821) who did not provide baseline measures or
refused to participate were not similar in gender and
age but were similar in education and physical activity
level compared with the respondents (n = 865). Those
with missing data were 61.6% (n = 497) female, 51.5%
(n = 415) had completed primary school, 50.4% (n =
367) were aged between 70 and 79 years old and 87.4%
(n = 513) were classified as physically inactive. The max-
imum number of missing values from initial sample was
1,235 for BMI, while all other variables had fewer than
902 values missing.
The household surveys followed a structured question-
naire - BOMFAQ (Brazilian OARS Multidimensional
Functional Assessment Questionnaire, which was con-
ceived in the United States (Duke University Center for
the Study of Aging and Human Development, 1978),
published by Ramos & Goihman [23] and formerly used
in cross-sectional studies [24,25]. This questionnaire
provides socio-demographic data (i.e., age, gender, mari-
tal status, education level, and per capita income in the
household in US$/month) and assesses the individuals’
subjective perception of physical and mental health
(cognitive and emotional aspects), dependence on help
from others for activities of daily living, daily practice of
physical activities during leisure time, and social and
family support. Participants were interviewed by trained
professionals using this instrument.
The Ethics Committee of the Federal University of São
Paulo approved the study protocol, and written
informed consent was obtained from all individuals
(CEP 1537/06).
Measures
Physical activity level assessment
Physical activity level (PAL) was determined by self-
report of the involvement (or lack thereof) in regular
physical activities during leisure time. In case of a posi-
tive answer, subjects were requested to indicate
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utes per session). Data from the questionnaire provided
values for frequency and duration of physical activities
b u tn o tt h ei n t e n s i t y .I tw a sa s s u m e dt h a tP Ar e p o r t e d
in the questionnaire could be classified as moderate,
based on several studies demonstrating that most of the
elderly perform activities that are light to moderate in
intensity [7,26,27]. Subsequently, the sample was classi-
fied into three groups according to the recommended
PA level from American College of Sports Medicine
[12] and Center of Disease and Prevention Control
(CDC) [28] as detailed below.Classification of physical
activity level
a-R e g u l a r l yA c t i v e :t h o s ew h or e p o r t e da tl e a s t5
days per week and at least 30 minutes per day of any
type of PA;
b - Insufficiently Active: subjects who reported less
than 5 days per week and <30 minutes per day and;
c - Physically Inactive: subjects that reported no parti-
cipation in any moderate-to-vigorous physical activity in
leisure time.
Then, changes or maintenance in physical activity
level over the course of two years were defined as “beha-
vior trends in PAL” and were calculated, considering the
baseline PAL as the initial score. The sample was classi-
fied into four groups, as follows: G1 - Decreased PAL
(insufficiently active ® physically inactive; active ®
insufficiently; active ® physically inactive); G2 -
Increased PAL (physically inactive ® insufficiently; phy-
sically inactive ® active; insufficiently ® active); G3 -
Remained active (active ® active; insufficiently ® insuf-
ficiently); and G4 - Remained physically inactive (physi-
cally inactive ® physically inactive). For statistical
analysis, these four groups were categorized into two
dichotomous variables (qualitative): (0) “Favorable beha-
vior trend in PAL” and (1) “Not favorable behavior
trend in PAL”. A favorable behavior included groups 2
and 3 and a not favorable behavior included groups 1
and 4.
Socio-demographic and health variables
Independent variables selected from the Multidimen-
sional Functional Assessment Questionnaire (BOMFAQ)
for this study included gender, age group (65-69, 70-79,
80+ yrs), educational level (no formal, primary/second-
ary and college/university), body mass index, activities
of daily living - ADLs (functional capacity), Mini-Mental
(cognition) and dysthymia scores, falls and fractures
[23]. All variables were relative to the beginning of the
study.
Body weight (kg) and body height (cm) were used to
calculate body mass index (kg/m
2) [21]. A score between
24.9 and 18.5 kg/m
2 was considered as normal, over-
weight ranged from 25 and 29.9 kg/m
2 and obesity was
defined as a BMI equal or above 30.00 kg/m
2 [29].
Functional capacity was measured using an ADL
(activities of daily living) scale that consists of a check-
list of 15 activities of daily living. Participants indicated
whether they required assistance for the following: shop-
ping, getting public transportation, caring for finances,
taking medicines, walking a short distance, remaining
continent, dressing, going to the toilet, grooming, cut-
ting toe nails, bathing, eating, and getting in and out of
bed. Each positive answer for requiring assistance to
perform an activity is equivalent to one point. Those
who reported the ability to manage all activities without
help are classified as independent. A score from 1 to 3
indicates mild functional limitation, moderate ranges
from 4 to 6 and severe is equal to or greater than 7
activities [4]. Therefore, high scores reflect a lower func-
tional level.
Cognitive state was assessed by the Mini-Mental State
Examination (MMSE), a brief 30-point screening test
that is widely used to indicate cognitive impairment
[30]. The MMSE test includes simple questions and pro-
blems in a number of areas: the time and place of the
test, repeating lists of words, arithmetic, language use
and comprehension, and basic motor skills. Scores range
from 0 to 30. Higher scores on the MMSE indicate bet-
ter cognitive performance. The cut-off point for detect-
ing cognitive impairment in the illiterate elderly is 18
out of 19; in those who are educated, the best cut-off
point is 24/25 [31].
Dysthymia was assessed using a score, validated for
use among older residents in São Paulo. This 15-item
schedule has forced-choice items with a “yes-no” format.
The cut-off of five (5) positive answers classifies the pos-
sible presence of psychiatric disturbance, with higher
scores reflecting a higher level of psychiatric disturbance
[4,22].
In addition, all subjects were questioned on their med-
ical history in regards to the occurrence of any fractures
and falls in the last year.
Statistical analysis
Descriptive statistics (frequencies and percentages) were
used to describe baseline characteristics of the sample
and PAL after two years. Bivariate statistics and percen-
tages were calculated first for the primary study vari-
ables. Variables thought to be related to PAL behavior
trends over two years were examined for unadjusted
association with the Pearson Chi-Squared test (bivariate
statistics). All variables for which the association had
P < 0.05 were retained for future analysis. A multivariate
logistic regression model with Stepwise Forward metho-
dology, considering P < 0.10 to enter and P < 0.05 to be
removed, was then used to test the association between
age, gender, educational level, body mass index, ADL
and Mini-Mental State Examination scores, Dysthymia
Screening and falls and fractures (independent variables)
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years. Odds ratios (Ors) with a 95% confidence interval
were reported. Analyses were conducted using SPSS
software version 17.0.
Results
Sample characteristics
Baseline characteristics of respondents (n = 860) are
shown in Table 1. There were significantly more women
(69.2%) than men (30.8%). Furthermore, 49.6% were in the
middle age group (70-79 years old), and approximately
one-quarter of the cohort (20.9%) was included in the very
o l dg r o u p( 8 0 + )( T a b l e1 ) .T h em a j o r i t yh a dc o m p l e t e d
primary school (49.1%). Nearly half of the elderly (44.7%)
was classified as overweight (25-29.9 kg/m
2). Overall,
approximately 73% had a Mini-Mental score of 24+, 35.1%
had no reported functional limitations and the majority
showed lower prevalence of dysthymia (69.3%). In addi-
tion, 87.2% (n = 750) were classified as physically inactive,
4.2% (n = 36) as insufficiently active and 8.6% (n = 74) as
physically active (Table 1).
PAL at baseline and after two years
Figure 1 shows the classification and distributions by
percentage (%) of each group according to the PAL at
baseline and after two years. According to these classifi-
cations, 89.2% of the individuals classified as physically
inactive at baseline remained physically inactive, whereas
only 7.6% became active after two years. Overall, most
of the elderly who reported being insufficiently active at
baseline became physically inactive (52.8%) and a small
percentage (8.3%) from this group at baseline became
active after two years. The majority of the active group
remained active (48.6%) and only 8.1% became insuffi-
ciently active after two years (Figure 1).
Behavior trends in PAL after two years
According to changes or maintenance in PAL of each
group (physically inactive, insufficiently active and active)
after two years, most of the elderly (84.4%) demonstrated
a not favorable behavior trend in PAL, which included
the participants who were and remained physically inac-
tive or decreased PAL (insufficiently active ® physically
inactive; regularly active ® insufficiently active). More-
over, only 15.6% presented a favorable behavior trend,
which included the elderly who remained active or insuf-
ficiently active and those that increased their PAL (physi-
cally inactive ® insufficiently active and insufficiently
active ® regularly active) (Table 2).
Health-related factors for a not favorable behavior trend
in PAL (bivariate analysis)
In the bivariate analysis, using the Pearson Chi-Square
test, gender, age, education level, ADL dependence and
Mini-Mental scores, dysthymia scores and fractures and
falls were all correlated significantly with behavior
trends in PAL after two years (Table 3). Women were
more likely to decrease PAL (88.1%; OR = 2.30; 95% CI
= 1.58-3.35; P < 0.001) than men (76.2%). According to
age, the oldest group (80+ years old) was more likely to
decrease PAL (95.1%) vs. those who were 70 to 79 years
(86.2%; OR = 2.27; 95% CI = 1.51-3.43; P < 0.001) and
Table 1 Distribution of baseline characteristics (n = 860)
among older individuals in São Paulo, Brazil
Variables n % Total
Gender
Female 595 69.2 860
Male 265 30.8
Education
College/University 234 27.2 860
Primary/Secondary 422 49.1
No formal 204 23.7
Age group (years)
65-69 229 29.5 776
70-79 385 49.6
80+ 162 20.9
PAL
Physically inactive 750 87.2 860
Insufficiently Active 36 4.2
Active 74 8.6
BMI (kg/m
2)
<24 136 31.5 432
25-29 193 44.7
30+ 103 23.8
ADL dependence score
0 (independent) 297 35.1 847
1-3 (mild) 291 34.4
4-6 (moderate) 136 16.1
7+ (severe) 123 14.5
MMSE
<24 628 73.0 860
24 + 232 27.0
Dysthymia Screening
Positive - 5+ 235 30.7 765
Negative - <4 530 69.3
Falls (last year)
No 805 93.8 858
Yes 53 6.2
Falls
Yes no impact 225 26.2 858
Yes with impact 53 6.2
No 580 67.6
Fractures (last year)
No 812 94.5 859
Yes 47 5.5
PAL = physical activity level; ADL = activities of daily living; MMSE = Mini-
Mental State Examination
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15.08; P < 0.001). Of the subjects with no formal educa-
tion, 90.7% decreased in PAL over 2 years, almost 1.6
times the chance observed in those with a primary or
secondary education (84.8%; OR = 1.56; 95% CI = 1.03-
2.35; P < 0.033) and nearly three times the chance
observed in those with higher education (superior
degree/college/university) (78.2%; OR = 2.71; CI = 1.54-
4.77; P < 0.001)( T a b l e3 ) .B M Id i dn o ts h o was i g n i f i -
cant impact on trends in PAL over two years (data not
shown). As expected, elderly who required some help
for at least 4 of the 13 ADLs (ADL score) at baseline
had 4 times more chance of displaying decreased PAL
(90.4%; OR = 4.00; 95% CI = 2.27-7.01; P < 0.001)t h a n
those who did not report functional impairment (78.1%).
Therefore, the more activities for which a subject
required help, the less chance he/she had to have a
favorable behavior trend in PAL (4-7 ADLs; 6.6%; OR =
4.00, 95% CI = 2.27-7.01, P < 0.001).
Among the elderly group with an initial MMSE score
less than 24, which is indicative of probable cognitive
deficit, the proportion of individuals with favorable
behavior trend in PAL was 9.5%, which is less than that
among those indicating no cognitive deficit (17.8%;
OR = 2.07; 95% CI = 1.28-3.36; P < 0.003) (Table 3).
The dysthymia scores was slightly associated with PAL
behavior trends (P < 0.061). The proportion of indivi-
duals having a not favorable behavior trend in PAL in
the elderly group that scored 5+ on the scale, which is
not considered as probable dysthymia, was 17.7%, com-
pared with 12.3% in the group with lower scores (OR =
1.53; 95% CI = 0.98-2.40; P < 0.062). A history of falls
showed an association with PAL behavior trends. The
percentage of elderly who experienced falls during the
last year and had a not favorable behavior trend in PAL
(94.3%; OR = 3.24; 95% CI = 1.00-10.54; P < 0.051)w a s
3 times higher than that of those who did not experi-
ence falls (83.3%) (Table 3).
Finally, the elderly who experienced fractures in their
lifetime had approximately four times the chance of hav-
ing a not favorable behavior trend in PAL (95.7%; OR =
4.37; 95% CI = 1.05-18.23; P < 0.043) compared with
the elderly who did not experience fractures (83.7%)
(Table 3).
Variables with a significant association in the bivariate
analysis were first tested in a preliminary model. Educa-
tional level, Mini-Mental and dysthymia scores and frac-
tures were excluded because they did not reach
significance (data not shown). Age, gender, ADL scores
and falls showed a significant association with the
dependent variable of PAL behavior trends. Therefore,
they were included in a progressively forward stepwise
multivariate logistic regression model, which provided
adjusted odds ratios (ORs) of PAL behavior trends over
two years using a significance level of P < 0.005 and
95% confidence intervals (CIs). In this model, step 1
Figure 1 Distribution (%) of physical activity level after two years among older individuals in São Paulo, Brazil.
Table 2 Behavior trends in physical activity level after
two years among older individuals in São Paulo, Brazil
Behavior trends in PAL Frequency Percent (%)
Favorable 134 15.6
Not favorable 726 84.4
Total 860 100.0
PAL = physical activity level
Favorable: increase or maintenance in activity level. Not favorable: decrease
activity level or maintenance of physically inactive lifestyle.
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ADL scores; and finally, step 4 added falls.
Health-related factors for a not favorable behavior trend
in PAL (multivariate logistic regression model)
Results from the final model (Table 3) demonstrated
that the risk of a not favorable behavior trend in PAL,
which included the group who remained physically inac-
tive and the group that displayed decreased PAL, in this
cohort of older individuals was significantly increased if
the individual was female (OR = 2.50; 95% CI = 1.60-
3.89; P < 0.000), older (80 y vs. 65 y, OR = 6.29, 95% CI
= 2.69-14.67; P < 0.001 and 80 y vs. 70-79 y OR = 2.03,
95% CI = 1.29-3.18; P < 0.002), dependent on help from
others for activities in the ADL scores (moderate-severe
= 4-7+ vs. 0 ADLs) (OR = 2.25, 95% CI = 1.20-4.21; P<
0.011) and experienced a history of falls with conse-
quences (OR = 6.88, 95% CI = 0.91-52.01; P < 0.062)
(Table 3). A history of falls with consequences was the
most important explanatory variable for the risk of a
not favorable behavior trend in PAL.
Discussion
Over the last decade, interest in the impact of PAL on
health among the elderly population has increased. Phy-
sical inactivity is common among elderly and this find-
ing is particularly alarming considering that this
population is greatly affected by noncommunicable dis-
eases (NCDs). The current study found significant asso-
ciations between behavior trends in physical activity
level and age, gender, ADL scores and falls in a Brazilian
urban community elderly population living in São Paulo
state.
The prevalence of physical inactivity (87%) found in
the baseline data was higher than that in another city in
the south of Brazil (50.1%) [8] and in national data
(56.5%) [9]. In addition, the prevalence of physical inac-
tivity in leisure time among older adults was comparable
Table 3 Associations between health-related factors and not favorable behavior trend in PAL among older individuals
in São Paulo, Brazil
Variable Crude OR
(95% CI)
p Adjusted OR
(95% CI)
p
Gender
Male 1.00 1.00
Female 2.30 (1.58-3.35) 0.000 2.50 (1.60-3.90) 0.000
Age group
80+ 1.00 1.00
70-79 2.27 (1.51-3.43) 2.03 (1.29-3.18) 0.002
65-69 6.99 (3.24-15.08) 0.000 6.29 (2.70-14.68) 0.000
ADL dependence score
0 (independent) 1.00 1.00
1-3 (mild) 1.32 (0.88-1.98) 0.185 0.98 (0.60-1.59) 0.929
4-7+ (moderate/severe) 4.00 (2.27-7.01) 0.001 2.25 (1.20-4.21) 0.011
Falls (last year)
No + Yes with no impact 1.00 1.00
Yes with impact 3.24 (0.99-10.54) 0.051 6.89 (0.91-52.00) 0.062
Education
No formal 1.00
Primary/Secondary 1.56 (1.03-2.35) 0.001
College/University 2.71 (1.54-4.77) 0.033
MMSE
24 + (24/25) (18-19) 1.00
<24 2.07 (1.28-3.36) 0.003
Dysthymia Screening
Positive - 5+ 1.00
Negative - <4 1.53 (0.98-2.40) 0.062
Fractures
No 1.00
Yes 4.37 (1.05-18.23) 0.043
ADL = activities of daily living; MMSE = Mini-Mental State Examination
OR = odds ratio adjusted for gender, age and education; CI = confidence interval
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that in four Lebanese districts (30%) [14,15]. In the U.S
more than 30% of the adults above 70 years old were
considered inactive in 2004 [32]. A possible explanation
for this difference may be varying definitions of PA. The
current study evaluated total PA considering only activ-
ities in leisure time. Some epidemiological studies in
Brazil have demonstrated the importance of domestic
and routines activities as part of the total PAL in the
elderly population [7,8].
After two years, a decline in physical inactivity was
observed in the elderly. However, when the data were
evaluated more accurately, most of the elderly (84.4%)
experienced a not favorable behavior trend in PAL,
which included the participants who remained physically
inactive and those who displayed decreased PAL (Insuf-
ficiently Active to Physically Inactive and Regularly
Active to Insufficiently Active). In addition, only 15.6%
(n = 134) remained active/insufficiently active or
increased their PAL (Physically inactive ® Insufficiently
Active; Insufficiently Active ® Regularly Active). Our
finding is in line with other studies [32]. A study con-
ducted in the U.S. showed a decline in physical inactiv-
ity (from 30% in 1994 to 24% in 2004) mainly in the age
groups of 50 to 59 and 60 to 69 years old [32]. These
findings suggest that despite the recognized benefits of
PA for physical and psychological health and mortality
[10-12,33], many older adults remain physically inactive
and maintain this negative behavior. Additionally, con-
sidering that initiating activities in leisure time even in
midlife increases the probability of successful survival or
exceptional overall health in later life [33], public health
efforts should emphasize the promotion of physical
activity and identify the factors that limit physical activ-
ities among older adults.
Considering age, the present data are in agreement with
information presented in the literature [7,8,14-17,19,34],
which shows a gradual decrease in physical activity partici-
pation with an increase in age. In Poland, for example, the
risk of leisure time physical inactivity was significantly
higher among persons older than 64 years of age. Our
study also demonstrated that the oldest elderly have a les-
ser chance of becoming physically active or insufficiently
active despite their initial PAL, which may be attributable
to a high proportion of the elderly requiring assistance in
activities of daily living and to a decrease in work-related
activities [34].
I nt h ep r e s e n ts t u d y ,m e nw e r em o r ea c t i v et h a n
women and improved their PAL after two years. Similar
findings have been extensively reported [7,16,20,34,35];
however, most of them, including our research, did not
evaluate household activities, which contribute consider-
ably to the overall physical activity level among elderly
women. A study conducted in Vietnam observed that
elderly women were more active than men [15]. This
difference could be explained by the fact that a high
proportion of women are involved in household activ-
ities even in later life, contributing to the overall PAL
[15].
T h e r ei ss t r o n ge v i d e n c es u p p o r t i n ga na s s o c i a t i o n
between educational level and physical activity in the
elderly [7,14-16,36,37]. Our study demonstrated that
elderly individuals with a poor education were more
physically inactive in leisure time. Furthermore, after 2
years, they became physically inactive or insufficiently
inactive despite their initial physical activity level. There
are several possible explanations for this result. First,
those with a lower level of education might have a lack
of knowledge of PA benefits and fewer opportunities to
participate in physical activities during leisure time. Sec-
ond, in developing countries, occupation/work activities
are important components of total activity level in addi-
tion to leisure-time activities, even among the elderly
[14,16].
The relationship between functional capacity and PAL
has been demonstrated in several studies [19,38-40].
Data from “The Women’s Health and Aging Study”
have demonstrated that physical inactivity is more fre-
quent among women with a lower functional capacity
[39]. A similar result is seen in the south of Brazil. Mod-
erate to severe difficulties in performing activities of
daily living were associated to physical inactivity among
elderly women [19]. These results are in agreement with
the results from the current study, which indicates that
more than four limitations in ADL score is positively
associated with less physical activity. Furthermore, after
two years, the prevalence rates of becoming physically
inactive increased with rising difficulties in ADL. There-
fore, there are strong evidences showing the relationship
of exercise with functional capacity [19,38-40].
A strong association was found between physical inac-
tivity and the Mini-Mental State Examination in the
first analysis. The majority of subjects that experienced
a decrease in PAL after two years presented lower values
for cognitive status. However, when controlled by other
variables, this aspect did not show a correlation with
PAL. These results are contrary to findings from other
countries in which low levels of physical activity were
associated with poorer cognitive performance [41,42].
One of the analyzes of the Duke Longitudinal Study,
Texas, U.S., showed lower scores in cognitive tests in
the elderly group that retired and remained sedentary
compared with the group that retired but continued
performing regular physical activities. Furthermore,
those that retired and later adopted a sedentary lifestyle
presented a greater risk of brain-vascular disease and
possible cognitive decline compared to the group that
retired but continued performing regular physical
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Page 7 of 10activities [41]. Among 18,766 elderly nurses between 70
and 81 years old in the United States, long-term regular
physical activity, including walking, was associated with
significantly better cognitive function and less cognitive
decline [43]. However, the inverse relationship has not
been well established in prospective studies [44].
No strong associations were found between physical
inactivity and BMI or the dysthymia screen. Likewise,
no significant relationship was reported between these
variables and behavior trends in PAL over two years.
Some cross-sectional studies found significant associa-
tion between PAL and BMI [14,17]; nevertheless, the
present results are in agreement with other Brazilian
studies [8,45]. Despite the benefits obtained by exercise
(an increase in rest metabolic rate and a decrease in risk
of cardiovascular diseases), there are no data that show
a change in adiposity or in body weight of the elderly
with an exercise program that does not include dietary
restriction [46]. This result may explain the findings of
our study, including the fact that we did not find
changes in the BMI. However, we cannot prove this
hypothesis because in our study, dietary habits and
other variables that may influence body composition
were not considered longitudinally.
A positive relationship between physical inactivity and
psychological well-being in the elderly without a clinical
disorder has been reported in meta-analysis studies [47].
However, data from other studies have demonstrated
conflicting results [47-49]. A recent study showed that
the elderly with emerging depression in Amsterdam, the
Netherlands, tended to change more often to a seden-
tary lifestyle than those without depression, although no
causal relationship was demonstrated [49]. Because
depression is closely related to functional decline in
older adults [50], when ADL were controlled in the final
logistic regression model, no strong association was
found between scores of dysthymia screen and behavior
trends in PAL. Additionally, response bias and cohort
differences are problems related to self-report, and per-
ceptions of well-being differ in older cohorts [51].
Furthermore, most of the findings are from studies that
have evaluated the influence and benefits of an active
lifestyle for depression and among younger groups.
Our finding of correlation between falls and a not
favorable behavior trends in PAL is in line with other
studies [52-54]. In a cross-sectional study Zijlstra and
colleagues [53] verified that multiple falls were indepen-
dently associated (OR = 4.64; 95% CI = 3.73-5.76) with
the avoidance of activity among 4,031 community-living
elderly. A study conducted in Belgium demonstrated
that falls were correlated with the avoidance of activities
in community-living elderly between 61 and 92 years
old, both in cross-sectional and in longitudinal analyses
[54]. An interesting hypothesis for these findings may be
the gradual development of avoidance behavior at the
mobility level, which results in a deterioration of physi-
cal abilities and falls at home in the long term. Previous
cross-sectional studies have shown a correlation between
falls and fear of falling, but it is unclear which occurs
first. Several studies [53,54] have pointed out that fear-
related avoidance of activities may have negative effects
on physical abilities and may also be predictive of future
falls. Falls are a common and important problem in
older community-dwelling adults. One of the major con-
sequences of falls is avoidance activities, which conse-
quently decrease PAL. Future research should focus on
strategies to prevent falls within this population.
Although we did not observe an independent effect of
fractures on PAL behavior trends, some studies have
shown the importance of fractures in decreasing PAL
[55,56]. Despite the potential benefits associated with
exercise after a fracture, elderly from Baltimore Hip Stu-
dies who sustained hip fractures were not likely to
engage in regular exercise (resistive or aerobic). Further-
more, many factors may influence older adults’ motiva-
tion and willingness to exercise, such as poor health,
disability, lack of knowledge about exercise and its bene-
fits, lower sense of self-efficacy for exercise [56], and
fear of falling and injury [53,54].
Noncommunicable diseases were not analyzed in the
present study but may be associated with and/or explain
changes in some variables after a follow-up period.
Physical activity involvement, mainly the increase in
physical activity level and the maintenance of an active/
insufficient level, must be emphasized as a health-pro-
motion intervention policy for this group.
The limitations of our study should be considered
when interpreting the results. First, the lack of a question
regarding the intensity of physical activities must be con-
sidered. However, for the most part, studies have shown
that elderly people tend to adopt physical activities of
moderate intensity. Additionally, we did not consider or
measure the influence of other variables (confounders)
that may be related to body mass index, functional capa-
city, cognitive and dysthymia screen, falls and fractures
(statistical analysis). Another limit was the short follow-
up period (two years). Furthermore, we did not analyze
other components of overall physical activity level. Indivi-
duals who are inactive during leisure time may be more
active in other contexts. In developing countries, house-
hold and routine activities contribute greatly to total PA.
In addition, because other studies used different defini-
tions of physical inactivity, instruments and cut-off
points, comparisons are difficult. Finally, the difference of
almost twenty years between the first stage of the Project
and the publication of the results is not considerable,
while our main purpose was to verify the relationship
between health-related factors and PAL trends.
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This study demonstrated that gender, age, dependence
in ADL and falls (after adjustment for some potential
confounders) were associated with PAL and its trends
over two years. Being older and female with poor func-
tional capacity and having experienced falls contributes
to a not favorable behavior trend in PAL among the
elderly longitudinally. Our findings highlight the need
for health-promotion programs that target these factors
related to PAL, reducing barriers to achieve desired
changes. The development and implementation of pro-
grams to promote a physically active lifestyle must be
encouraged, even in later phases of life.
Acknowledgements
The longitudinal study EPIDOSO, from where data of the present study were
derived, was funded by Fundação de Amparo a Pesquisa do Estado de São
Paulo - FAPESP and Conselho Nacional de Pesquisa - CNPQ. This article has
not been published elsewhere, except in abstract form, is not under
consideration by any other journal, and will not be submitted to another
journal until the final decision of the editorial board of the BMC Public
Health. We inform that this study was performed on a non-profit basis.
Author details
1Department of Internal Medicine and Therapeutic, São Paulo Federal
University, São Paulo, Brazil.
2Physical Fitness Research Laboratory from São
Caetano do Sul, São Caetano do Sul, Brazil.
3Departament of Social Medicine,
Santa Casa da Misericórdia, São Paulo, Brazil.
4Department of Preventive
Medicine, São Paulo Federal University, São Paulo, Brazil.
Authors’ contributions
LRR had full access to all of the data in the study and takes responsibility for
the integrity of the data and the accuracy of the data analysis. He was
involved with study concept and design, acquisition of data, analysis and
interpretation of data, drafting of the manuscript, and critical revision of the
manuscript for important intellectual content. SMMM was involved with
analysis and interpretation of data, drafting of the manuscript, and for
important intellectual content. MCSAR provided data analysis advice and
critical revision of the manuscript. MTF was involved with acquisition of data,
statistical analyses and interpretation of data, drafting of the manuscript, and
critical revision of the manuscript. All authors read and approved the final
manuscript.
Competing interests
The authors declare that they have no competing interests. The
organizations funding this study had no role in the design or conduct of
the study; in the collection, management, analysis, or interpretation of the
data; or in the preparation, review, or approval of the manuscript.
Received: 25 June 2010 Accepted: 10 November 2010
Published: 10 November 2010
References
1. World Health Organization: “Growth of the Elderly Population of the
World”. In Health of the Elderly. Technical Report Series. Volume 779. WHO,
Geneva; 1989:8-31.
2. The demographic of population ageing (United Nations). [http://www.un.
org/esa/population/publications/bulletin42_43/weinbergermirkin.pdf].
3. Ramos LR, Veras RP, Kalache A: Envelhecimento populacional: uma
realidade brasileira. Rev Saude Publica 1987, 21(3):211-224.
4. Ramos LR, Simoes EJ, Albert MS: Dependence in activities of daily living
and cognitive impairment strongly predicted mortality in older urban
residents in Brazil: a 2-year follow-up. J Am Geriatr Soc 2001,
49(9):1168-1175.
5. Ramos LR: Fatores determinantes do envelhecimento saudável em
idosos residentes em centro urbano: Projeto Epidoso, São Paulo. Cad
Saude Publica 2003, 19(3):793-798.
6. World Health Organization: Health and Aging. [http://www.paho.org/
english/gov/ce/spp/spp36-07-e.pdf].
7. Monteiro CA, Conde WL, Matsudo SM, Matsudo VK, Bonsenor IM, Lotufo PA:
A descriptive epidemiology of leisure-time physical activity in Brazil,
1996-1997. Rev Panam Salud Publica 2003, 14(4):246-254.
8. Hallal PC, Victora CG, Wells JC, Lima RC: Physical inactivity: prevalence and
associated variables in Brazilian adults. Med Sci Sports & Exerc 2003,
35(11):1894-1900.
9. Vigilância de fatores de risco e proteção para doenças crônicas por
inquérito telefônico (Vigitel Brasil) 2006. [http://bvsms.saude.gov.br/bvs/
publicacoes/relatorio_vigitel_2006_marco_2007.pdf].
10. Global Health Risks: Mortality and burden of disease attributable to
selected major risks. WHO; 2009 [http://www.who.int/healthinfo/
global_burden_disease/GlobalHealthRisks_report_full.pdf].
11. Young A, Dinan S: Activity in later life. BMJ 2005, 330(7484):189-191.
12. Chodzko-Zajko WJ, Proctor DN, Fiatarone Singh MA, Minson CT, Nigg CR,
Salem GJ, Skinner JS: Exercise and Physical Activity for Older Adults. Med
Sci Sports & Exerc 2009, 41(7):1510-1530.
13. Martinson BC, Crain L, Pronk NP, O’Connor PJ, Maciosek MV: Changes in
physical activity and short-term changes in health care charges: a
prospective cohort study of older adults. Prev Med 2003, 37(4):319-326.
14. Al-Tannir M, Kobrosly S, Itani T, El-Rajab M, Tannir S: Prevalence of physical
activity among Lebanese adults: a cross-sectional study. J Phys Act Health
2009, 6(3):315-320.
15. Trinh OTH, Nguyen ND, Dibley MJ, Phongsavan P, Bauman AE: The
prevalence and correlates of physical inactivity among adults in Ho Chi
Minh City. BMC Public Health 2008, 8:204.
16. Drygas W, Kwaśniewska M, Kaleta D, Pikala M, Bielecki W, Głuszek J,
Zdrojewski T, Pajak A, Kozakiewicz K, Broda G: Epidemiology of physical
inactivity in Poland: prevalence and determinants in a former
communist country in socioeconomic transition. Public Health 2009,
123(9):592-597.
17. Mummery WK, Kolt G, Schofield G, McLean G: Associations Between
Physical Activity and Other Lifestyle Behaviours in Older New
Zealanders. J Phys Act Health 2007, 4(4):411-422.
18. Neighborhood Safety and the Prevalence of Physical Inactivity –
Selected States, 1996 (CDC). [http://www.cdc.gov/mmwr/preview/
mmwrhtml/00056582.htm].
19. Tribess S, Virtuoso-Júnior JS, Petroski EL, Fatores Associados à Inatividade
Física em Mulheres Idosas em Comunidades de Baixa Renda: Factors
associated with physical inactivity amongst elderly women in low-
income communities. Rev Salud Publica 2009, 11(1):39-49.
20. Salvador EP, Florindo AA, Reis RS, Costa EF: Perception of the environment
and leisure-time physical activity in the elderly. Rev Saude Publica 2009,
43(6):972-980.
21. Ramos LR, Neto JN, Cendoroglo MS, Garcia JT, Najas SM, Perracini M,
Paola CR, Santos FC, Bilton T, Ebel SJ, Macedo MBM, Filho CMA, Nasri F,
Miranda RD, Gonçalves M, Santos ALP, Fraietta R, Vivacqua IN, Alves MLM,
Tudisco ES: Two-year follow-up study of elderly residents in S. Paulo,
Brazil: methodology and preliminary results. Rev Saude Publica 1998,
32(5):397-407.
22. Blay SL, Ramos LR, Mari Jde J: Validity of a Brazilian version of the Older
Americans Resources and Services (OARS) mental health screening
questionnaire. J Am Geriatr Soc 1988, 36(8):687-692.
23. Ramos LR, Goihman S: Geographical stratification by socio-economic
status: methodology from a household survey with elderly people in S.
Paulo, Brazil. Rev Saude Publica 1989, 23(6):478-492.
24. Ramos LR, Perracini M, Rosa TE, Kalache A: Significance and management
of disability among urban elderly residents in Brazil. J Cross Cul Gerontol
1993, 8:313-323.
25. Perracini MR, Ramos LR: Fall-related factors in a cohort of elderly
community residents. Rev Saude Publica 2002, 36(6):709-716.
26. Matsudo SM, Matsudo VR, Araujo T, Andrade D, Andrade E, Oliveira L,
Braggion G: Nível de Atividade Física da população do Estado de São
Paulo: análise de acordo com o gênero, idade, nível sócio-econômico,
distribuição geográfica e de conhecimento. Revista Brasileira de Ciência e
Movimento 2002, 10(4):41-50.
Ferreira et al. BMC Public Health 2010, 10:690
http://www.biomedcentral.com/1471-2458/10/690
Page 9 of 1027. Ferreira M, Matsudo S, Matsudo V, Braggion G: Effects of an intervention
program of physical activity and nutrition orientation on the physical
activity level of physically active women aged 50 to 72 years old. Revista
Brasileira de Medicina do Esporte 2005, 11(3):172-176.
28. Pate RR, Pratt M, Blair SN, Haskell WL, Macera CA, Bouchard C, Buchner D,
Ettinger W, Heath GW, King AC, Kriska A, Leon AS, Marcus BH, Morris J,
Paffenbarger RS, Patrick K, Pollock ML, Rippe JM, Sallis J, Wilmore ll: Physical
activity and public health: a recommendation from the Centers for
Disease Control and Prevention and the American College of Sports
Medicine. JAMA 1995, 273(5):402-407.
29. World Health Organization: Obesity. Preventing and managing the global
epidemic. Report of a WHO consultation on obesity. WHO, Geneva; 1997,
9.
30. Folstein MS, Folstein SE, McHugh PR: Mini-Mental State: A practical
method for grading the cognitive state of patients for the clinician. J
Psychiatr Res 1975, 12(3):189-198.
31. Lourenço RA, Veras RP: Mini-Exame do Estado Mental: características
psicométricas em idosos ambulatoriais/Mini-Mental State Examination:
psychometric characteristics in elderly outpatients. Rev Saude Publica
2006, 40(4):712-719.
32. Trends in Leisure-Time Physical Inactivity by Age, Sex, and Race/
Ethnicity — United States, 1994–2004 (CDC). [http://www.cdc.gov/mmwr/
preview/mmwrhtml/mm5439a5.htm].
33. Sun Q, Townsend MK, Okereke OI, Franco OH, Hu FB, Grodstein F: Physical
activity at midlife in relation to successful survival in women at age 70
years or older. Arch Intern Med 2010, 170(2):194-201.
34. Muntner P, Gu D, Wildman RP, Chen J, Qan W, Whelton PK, He J:
Prevalence of physical activity among Chinese adults: results from the
International Collaborative Study of Cardiovascular Disease in Asia. Am J
Public Health 2005, 95(9):1631-1636.
35. Azevedo MR, Araujo CP, Reichert FF, Siqueira FC, Silva MC, Hallal PC:
Gender differences in leisure-time physical activity. Int J Public Health
2007, 52(1):8-15.
36. Siqueira FV, Facchini LA, Piccini RX, Tomas E, Thumé E, Silveira DS,
Hallall PC: Atividade física em adultos e idosos residentes em áreas de
abrangência de unidades básicas de saúde de municípios das regiões
Sul e Nordeste do Brasil. [Physical activity in young adults and the
elderly in areas covered by primary health care units in municipalities in
the South and Northeast of Brazil]. Cad Saude Publica 2008, 24(1):39-54.
37. Pan SY, Cameron C, Desmeules M, Morrison H, Craig CL, Jiang X: Individual,
social, environmental, and physical environmental correlates with
physical activity among Canadians: a cross-sectional study. BMC Public
Health 2009, 9:21.
38. Matsudo SM, Araujo TL, Villamarin R, Ferreira MT, Matsudo V: Estudo
Longitudinal - Tracking de 4 anos - da aptidão física de mulheres da
maioridade fisicamente ativas. Revista Brasileira de Ciência e Movimento
2004, 12(3):47-52.
39. Rantanen T, Guralnik JM, Sakari-Rantala R, Leveille S, Simonsick EM, Ling S,
Fried LP: Disability, physical activity, and muscle strength in older
women: the Women’s Health and Aging Study. Arch Phys Med Rehabil
1999, 80(2):130-135.
40. Rejeski WJ, Focht BC: Aging and physical disability: On integrating group
and individual counselling with the promotion of physical activity. Exerc
Sport Sci Rev 2002, 30(4):166-170.
41. Rogers RL, Meyer JS, Mortel KF: After reaching retirement age physical
activity sustains cerebral perfusion and cognition. J Am Geriatr Soc 1990,
38(2):123-128.
42. Laurin D, Verreault R, Lindsay J, MacPherson K, Rockwood K: Physical
activity and risk of cognitive impairment and dementia in elderly
persons. Arch Neurol 2001, 58(3):498-504.
43. Weuve J, Kang JH, Manson JE, Breteler MM, Ware JH, Grodstein F: Physical
activity, including walking, and cognitive function in older women. JAMA
2004, 292(12):1454-1461.
44. Verghese J, Lipton RB, Katz MJ, Hall CB, Derby CA, Kuslansky G, Ambrose AF,
Sliwinski M, Buschke H: Leisure activities and the risk of dementia in the
elderly. NEJM 2003, 348(25):2508-2516.
45. Hallal PC, Reichert FF, Siqueira FV, Dumith SC, Bastos JP, da Silva MC,
Domingues MR, Azevedo MR, Ekelund U: Correlates of leisure-time
physical activity differ by body-mass-index status in Brazilian adults. J
Phys Act Health 2008, 5(4):571-578.
46. Fiatarone-Singh MA: Body composition and weight control in older
adults. In Perspectives in exercise science and sports medicine: exercise,
nutrition and weight control. Volume 11. 2 edition. Edited by: Lamb DR,
Murray R. Cooper Pub Co., Carmel, IN; 1998:243-293.
47. Netz Y, Wu M: Physical aging and psychological well-being in advanced
age: a meta-analysis of intervention studies. Psychol Aging 2005,
20(2):272-284.
48. Galper DI, Trivedi MH, Barlow CE, Dunn AL, Kampert JB: Inverse association
between physical inactivity and mental health in men and women. Med
Sci Sports & Exerc 2006, 38(1):173-178.
49. Van Gool CH, Kempen GI, Penninx BW, Deeg DJ, Beekman AT, van Eijk JT:
Relationship between changes in depressive symptoms and unhealthy
lifestyles in late middle aged and older persons: results from the
Longitudinal Aging Study Amsterdam. Age Ageing 2003, 32(1):81-87.
50. Iwasa H, Yoshida Y, Kumagai S, Ihara K, Yoshida H, Suzuki T: Depression
status as a reliable predictor of functional decline among Japanese
community-dwelling older adults: a 12-year population-based
prospective cohort study. Int J Geriatr Psychiatry 2009, 24(11):1192-1200.
51. Spirduso WW, Cronin DL: Exercise dose-response effects on quality of life
and independent living in older adults. Med Sci Sports & Exerc 2001,
33(Suppl 6):598-608.
52. Miller RR, Ballew SH, Shardell MD, Hicks GE, Hawkes WG, Resnick B,
Magaziner J: Repeat falls and the recovery of social participation in the
year post-hip fracture. Age Ageing 2009, 38(5):570-575.
53. Zijlstra GA, van Haastregt JC, van Eijk JT, van Rossum E, Stalenhoef PA,
Kempen GI: Prevalence and correlates of fear of falling, and associated
avoidance of activity in the general population of community-living
older people. Age Ageing 2007, 36(3):304-309.
54. Delbaere K, Crombez G, Vanderstraeten G, Willems T, Cambier D: Fear-
related avoidance of activities, falls and physical frailty. A prospective
community-based cohort study. Age Ageing 2004, 33(4):368-373.
55. Resnick B, Orwig D, D’Adamo C, Yu-Yahiro J, Hawkes W, Shardell M,
Golden J, Zimmerman S, Magaziner J: Factors that influence exercise
activity among women post hip fracture participating in the Exercise
Plus Program. Clin Interv Aging 2007, 2(3):413-427.
56. Casado AL, Resnick B, Zimmerman S, Nahm E, Orwig D, Macmillan K,
Magaziner J: Social Support for Exercise by Experts in Older Women
Post-Hip Fracture. J Women Aging 2009, 21(1):48-62.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2458/10/690/prepub
doi:10.1186/1471-2458-10-690
Cite this article as: Ferreira et al.: Health-related factors correlate with
behavior trends in physical activity level in old age: longitudinal results
from a population in São Paulo, Brazil. BMC Public Health 2010 10:690.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Ferreira et al. BMC Public Health 2010, 10:690
http://www.biomedcentral.com/1471-2458/10/690
Page 10 of 10